Necrotizing enterocolitis (NEC) has been increasingly recognized in recent years as an important cause of serious illness and death in infants admitted to neonatal intensive care units (Waldhausen et al., 1963; Mizrahi et al., 1965; Touloukian et al., 1967; Fetterman, 1971; Stevenson et al., 1971; Stein et al., 1972; Hill et al., 1974; Roback et al., 1974; Livaditis et al., 1974; Virnig and Reynolds, 1974; Frantz et al., 1975; Santulli et al., 1975; Leonidas and Hall, 1976; Polin et al., 1976) . The pathogenesis of the condition is imperfectly understood, though damage to the bowel mucosa followed by invasion with gasforming organisms have been suggested as important factors. The extensive literature has been reviewed by Santulli et al. (1975) . We report details of infants with NEC admitted to the Neonatal Unit at University College Hospital (UCH) during a 3-year period. In order to obtain information about possible predisposing factors, clinical data from the affected infants and from a control group have been compared.
Patients and methods
Infants with NEC. During the 3-year period, January 1972 to December 1974, 17 infants were diagnosed as Received 11 January 1977 having NEC. 9 were boys and 8 were girls. 10 were born in UCH and 7 were referred from other hospitals. Diagnosis was based on the presence of blood in the stool, abdominal distension, and vomiting, together with evidence from a plain x-ray film of gas in the bowel wall or portal venous system, fluid levels in the small intestine, or intestinal perforation. Clinical information from the 17 infants is in Table 1 . In addition, 10 infants appeared peripherally vasoconstricted, and 8 had unstable rectal temperatures which varied by more than 1°C within a period of 6 hours. Haematological data were available from all 17 infants and detailed coagulation studies were carried out as previously described (Jones et al., 1972; Rivers, 1975) 
Details of the total population of infants admitted to the neonatal unit during have been summarized by Blake et al. (1975) . The perinatal mortality rate for infants born in UCH in the 3 years was 16 -2 per 1000 births. The incidence of NEC was 0 2 % of infants born in the hospital, and 2 7 % of those referred from elsewhere, giving an overall incidence of 1 3 % of admissions to the unit. One of the affected infants was referred because of NEC. The remainder developed the condition there. affected infant, oral feeding was stopped and intravenous infusions of glucose and electrolytes were started as soon as the diagnosis was made. Nasogastric suction was started and all except 2 of the infants were treated with parenteral penicillin and gentamicin. 4 needed mechanical ventilation. None of the infants was given oral antibiotics though one was receiving colistin orally when NEC developed. 4 infants also received total parenteral nutrition as described by Shaw (1973) .
Laparotomies were performed on 5 infants (Table  1) Necropsies were performed on the 3 infants who died and pathological examination was carried out on the specimens removed at laparotomy. In one infant (Case 12), infarction of the bowel was found to be associated with a volvulus that had caused obstruction of the superior mesenteric artery. In another (Case 17) 3 strictures in the ileum were associated with an excess of thick walled and occluded small arteries which may have been congenital. Areas of necrosis and ulceration involving the mucosa and muscular layers of the bowel wall, particularly in the ileocaecal region were always found, and in 4 cases had resulted in perforation and peritonitis. Gas was seen in the bowel wall of 3 infants. The small blood vessels were ulcerated and thrombosed in all the infants except the one with the volvulus (Case 12), but apart from Case 17, no thrombic or embolic obstruction of the regional arteries could be shown. In the specimens removed at laparotomy the repair processes of the bowel wall were found to be well developed. A more detailed description of the pathological findings from infants treated in this hospital for NEC during the past 10 years will be published separately.
Controls. 3 control infants were selected for each of the 15 infants with NEC whose illness was not associated with a volvulus or a possible congenital abnormality (Cases 12 and 17). These 3 controls were admitted immediately before or after each NEC-affected infant, and their birthweights were within 7 5 % of that of the affected infant. Controls (polymorphonuclear granulocytes <1500/mm3; <1 5x 109/1) in 1 (Case 4). No infant had been polycythaemic (venous haemotocrit >65%).
Discussion
The results of this investigation confirm that factors which cause hypoxia or ischaemia of the bowel wall are involved in the pathogenesis of NEC. One infant had a volvulus and another an apparently congenital abnormality of the blood supply to the gut. More affected infants than controls had low Apgar scores or were slow to breathe at birth and were therefore probably asphyxiated. Also, the incidence of hyaline membrane disease tended to be higher, though this difference was not significant. Asphyxia is known to provoke a redistribution of the circulation, including a large reduction in blood flow to the intestines (Lloyd, 1969; Touloukian et al., 1971 Touloukian et al., , 1972 , and Touloukian et al. (1972) showed in piglets that mucosal capillary engorgement and infarction occurred during recovery from ischaemia. Catheterization of the umbilical vessels has previously been implicated in the pathogenesis of NEC (Beck et al., 1971; Hardy et al., 1972; Touloukian et al., 1973) . In our study a higher proportion of affected than control infants had had their umbilical arteries or veins catheterized, and complications of catheterization, such as the replacement of arterial catheters, were much more common. Plastic catheters introduced through the umbilical artery into the aorta cause thrombus formation (Neal et al., 1972) which could compromise blood flow to the gut or encourage embolization. Necrosis and perforation of the bowel is a well recognized complication of exchange transfusion through the umbilical vein, probably because of stasis in the portal venous system (Orme and Eades, 1968; Rogers and Dunn, 1969; Beck et al., 1971; Hardy et al., 1972; Touloukian et al., 1973) . The combination of asphyxia with umbilical catheterization seems especially likely to produce hypoxic or ischaemic damage to the bowel wall. The release of plasticizers from catheters is an additional factor that has been invoked in the pathogenesis of NEC (Rogers and Dunn, 1969; Hillman et al., 1975) . A difficulty in directly relating umbilical catheterization to subsequent NEC in our investigation was that the illness did not develop until 2-29 (mean 13) days after the catheters were removed.
Other factors which may cause a reduction in blood flow or oxygen supply to the bowel are the presence of a large shunt (in either direction) through a patent ductus arteriosus (Kitterman, 1975 (Rivers et al., 1975 (1974) further showed an effect of speciesspecific milk in preventing these changes from taking place. Although there was no difference in the proportion of breast milk fed infants in the NECaffected and control infants in the present study, the overall incidence of NEC was low when compared with most previous reports from neonatal intensive care units; the illness was generally mild and the survival rate was high, so breast milk may have been exerting a protective effect on our population of infants (Hanson et al., 1975) . Any such effect could well have been incomplete, since the milk was usually pasteurized, which would be expected to destroy macrophages and inactivate other antibacterial substances in the milk. The remaining infants who developed NEC were being fed SMA, and none had received hyperosmolar feeds, which are capable of damaging the bowel wall (de Lemos, 1975) .
Prevention. In the future, some of the factors implicated in this and previous studies in the development of NEC should become preventable. Asphyxia should become less frequent with improved fetal and postnatal monitoring. Silicon rubber may replace plastic as the material used for the manufacture of umbilical catheters (Boros et al., 1975) , thereby reducing the risk of thrombosis and removing potential dangers associated with the presence of plasticizers. Also, the length of time that umbilical arterial catheters remain in situ is likely to become shorter as improvements continue to be made in the management of respiratory illnesses and in methods for transcutaneous monitoring of blood oxygen and carbon dioxide levels (Huch et al., 1972; Delpy and Parker, 1975) . There is a case for feeding sick infants with fresh breast milk. We agree with Stein et al. (1975) that once NEC has developed a conservative approach to surgery is likely to yield the best results.
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